Introduction: Fatigue is a body protection mechanism that prevents further detriments and can be recovered after having a sufficient amount of rest. The fatigue undergone by workers is one of the causes of occupational accidents. Fatigue can be triggered by several factors, such as physical environments, for instance, temperature and noise. This research aims to analyze the relationships between the temperature as well as the noise and the work fatigue of the workers at the area of ship repair workshop at PT. X Surabaya. Methods: This research is descriptive observational research that employs the cross-sectional design. The sample of this research, the total population, consists of 32 people. The data is obtained through the temperature measurement by utilizing hygrothermometer, the noise intensity measurement by utilizing the sound level meter, and the levels of work fatigue measurement by utilizing reaction timer. Those measurements are completed in two different locations, namely the office and the workshop. The strength of the relationships among variables is scrutinized by applying the spearman correlation test by studying the correlation coefficient value. Results: Show that 14 people (43.8%) do not suffer from any fatigue, 15 people (46.9%) suffer from mild fatigue, 2 people (6.2%) suffer from moderate fatigue, and 1 person (3.1%) suffers from severe fatigue. The fatigue is mostly undergone by the workers exposed to the overheat temperature, that is as many as 18 people (56.2%) and by those who are exposed to noise, which are 15 people (46.9%). Conclusion: There is a moderate relationship between the temperature and the fatigue (p=0.519). Meanwhile, the noise (p=0.688) has a strong relationshipship with the fatigue undergone by the workers at the area of ship repair workshop at PT. X Surabaya.
INTRODUCTION
The development of science and technology has led to increased competition in the industrial world. As an example, companies are required to always increase its quality and quantity of the products by utilizing many kinds of technology, which results in the change from the use of human power to the engine that can affect the condition of the working environment.
Ministry of Manpower and Transmigration (2003) article 86 identified that employees reserve the right of protection of occupational safety and health, the preservation of work morals, as well as the treatment based on human dignity and religious values. One endeavor of occupational safety and health is in the form of preserving a decent working environment to remain safe and healthy in accordance with the determined standard of threshold values. These endeavors are carried out in order to create a working environment that causes no harm in the form of occupational illnesses nor accidents; thus, the employees can be in the healthiest condition. Besides working environment, other things that are influential to work performance are physical factors, such as light intensity, noise, air temperature, and vibration.
A decent working environment is a workplace where the workers can perform their works optimally, healthily, safely, and comfortably. The balance between the working environment and human power is believed to increase the productivity level. The exposure of physical environment in a workplace, such as noise, heat pressure, lighting, and vibration that are not in accordance with the standardized regulation may lead to work fatigue (Suma'mur, 2009) . It has been proven that work fatigue contributes to more than 60% of the reported occupational accidents, whether it is caused by physical or mental fatigue (Setyawati, 2010) . Fatigue can be defined as a body mechanism that functions as an alert when there is an imbalance inside the human body and in need of a sufficient amount of rest in order to be recovered (Tarwaka, 2010) . The emerge of fatigue can be triggered by several factors, including internal and external factors. The internal factors that can cause fatigue comprise age, years of service, sex, nutritional status, and many other things. Meanwhile, the external factors are physical working environments, including noise, temperature, lighting, and vibration. Plenty of research has denoted that the physical factors in a workplace, such as noise and temperature, are some of the main triggers of work fatigue.
Working in an uncomfortable environment may generate non-optimal works, laziness, and exhaustion that can result in low work performance. For example, the workers who work under the noise exposure that exceeds the Threshold Limit Value (TLV) of 85 dB may not be fully productive and put their health at stake due to the harmful environment. Moreover, the overheat working environment can also trigger the occurrence of fatigue that results in human error.
According to the research conducted by Andriani (2016) , the air temperature at workshop 9 at PT. X Jakarta is around 32°C-37°C, which results in mild fatigue that is suffered by 64.4% of the workers. Apparently, this because the temperature is not in accordance with the ideal temperature for a workplace in Indonesia, which is around 24°C-26°C (Suma'mur, 2014) . The other research authored by Nabila (2012) regarding fatigue caused by the exposure of noise that exceeds the TLV, 100 dB, showed that 61% of the workers in the department of melting process at Foundry Plant I at PT. Komatsu Indonesia undergo mild fatigue.
Working environment with hot temperature and exceeded noise can be harmful to the health of the workers. Those two factors can trigger fatigue since the workers work in an uncomfortable environment. Since work fatigue affects work performance, supervision and controls of the temperature and noise in a workplace are indeed necessary.
This research was carried out to the workers of the ship repair workshop at PT. X Surabaya. This workshop is responsible for repairing many kinds of the ship, such as ferry, cargo, tanker, tug boat, and container. Furthermore, the activities in this workshop comprise floating repair, docking, replating, machinery and electricity repair, finishing (painting), and undocking. The workers in the north hull construction are divided into two areas; the workshop area and outside area. In the workshop area itself, there are workers who work at the office and at the workshop. At the workshop, there are some works to be performed, such as marking and cutting, mold loft, and firring. The workers at PT. X Surabaya start working from 07:00-12:00 WIB and have a 1-hour of break time before continue working from 13:00-16:00 WIB. Generally, the works completed comprise plate cutting, welding, and plate connecting. These works are completed by utilizing machines, such as welding machines and hand grinding machines. Those machines are potentially enough to produce noise, in addition to the hot work that results in the hot and dry working environment, which can harm the health of the workers.
Hot and noisy working environment may trigger work fatigue due to lack of concentration while working, which can lead to the occurrence of occupational accidents. In fact, many of occupational accidents are discovered caused by work fatigue that is mainly resulted from lack of adaptation to uncomfortable working environments (Priyono, 2010) .
The former elucidation is the main background of this research. In addition, this research aims to analyze the relationships between the physical environmental factors, namely temperature and noise, and the fatigue of the workers at the ship repair workshop at PT. X Surabaya.
METHODS
This research is observational research due to the fact that it was completed by performing a direct observation of the object without giving interventions nor special treatments. Seen from the method of data analysis, this research is descriptive research. Other than that, this research was carried out by employing the cross-sectional approach, that is collecting and measuring the independent and dependent variables during a certain period of time.
This research took place at PT. X Surabaya on January 2018. The primary data was gathered by the measurements of temperature, noise, and work fatigue as well as an observation. The respondents of this research were all 32 workers at ship repair workshop at PT. X Surabaya. The workers at the workshop were assigned to 2 different work areas, namely the office and the workshop. In the workshop area, there are 3 other divisions, that is marking and cutting, mould loft, and firring.
The dependent variable of this research is work fatigue, which was measured by the reaction timer. On the other hand, the independent variables are temperature and noise that were measured by hygro-thermometer and sound level meter, respectively.
The data obtained were then analyzed to figure out the strength of the relationship between variables. The data analysis was presented in the form of cross-tabulation, while to ascertain the relationship strength, the correlation coefficient value attained from the Spearman correlation test was applied. From the total 32 of the respondents, by referring to Table 1 , it can be noticed that most of them, as many as 17 people, are in the age group of >50 years old (53.1%). Meanwhile, seen from the years of service, as many as 13 people (40.6%) belong to the group of 21-30 years of service. Furthermore, the nutritional status with the most workers as many as 21 people is overweight (65.6%).
RESULTS

The Characteristics of the Workers
Temperature
The measurement was completed in two different areas: the office and the workshop, which in the workshop area, there are three other sections, that is marking and cutting, mould loft, and firring. Based on the measurement results, the temperature in the workplace is categorized into two: normal and abnormal. The normal temperature ranges from 18°C-30°C, while the abnormal temperature spans between <18°C and >30°C. This standard, that is 18°C-30°C, has been established by the Ministry of Health Decree (2002) on the Standard Temperature of an Industrial Workplace. The results of the temperature measurement in Table 2 depicted that from 4 locations where the research was conducted, 3 of it are under the abnormal temperature. In other words, the temperature at the office has tallied with the standardized temperature. Meanwhile, the temperatures at the workshop areas noticeably exceed the standardized temperature. Noise intensity in a workplace was measured by the sound level meter. In this research, the noise measurement was carried out at the office and ship repair workshop areas, which in the workshop area, there are three more sections: marking and cutting, mould loft, and firring. Based on the results of the measurements, the noise can be divided into 2 categories, namely <TLV, that is when the noise intensity is <85 dB during an 8-hour exposure per day and >TLV, which is a condition when the noise intensity is >85 dB during an 8-hour exposure per day. This measurement is based on the Ministry of Manpower and Transmigration (2011) on Threshold Limit Value (TLV) of Physical Factors and Chemical Factors in a Workplace, which established that the TLV of noise exposure is 85 dB of maximum 8 hours of exposure per day.
Noise
The results of the measurement displayed in Table 3 showed that out of 4 measurement locations, there are 2 locations with exceeded noise. In other words, the noise in the office does not exceed the TLV, while the noises in two areas in the workshop (66.7%) exceed the TLV.
Work Fatigue
The work fatigue or fatigue in this research is measured by utilizing a reaction timer. After that, the measurement results are grouped into four different levels of fatigue; normal, mild, moderate, and severe. Additionally, the results of work fatigue measurement can be seen in Table 4 . The results of work fatigue suffered by the workers were varied. Referring to Table 5 , it can be disclosed that most of the workers, as many as 15 people (46.9%), undergo mild fatigue.
The Relationship between Temperature and Work Fatigue
An analysis regarding the strength of the relationship between variables by scrutinizing the correlation coefficient value obtained from the Spearman correlation test was carried out after the measurements of temperature and work fatigue had been completed. In results, the data are presented in the form of cross-tabulation as displayed in Table 6 . Table 6 revealed that the workers with the normal condition or do not suffer from fatigue mostly work under normal temperature, that is as many as 6 people (18.8%). In addition, the workers who work under abnormal temperature tend to undergo mild fatigue (15 people or 46.9%), moderate fatigue (2 people or 6.2%), and severe fatigue (1 person or 3.1%). The results of the spearman correlation test showed the number of 0.519 as the correlation coefficient value, which means that the temperature has a moderate relationship with work fatigue.
The Relationship between Noise and Work Fatigue
According to the measurement of noise intensity and fatigue suffered by the workers, the analysis to determine the relationship between variables by examining the correlation coefficient value from the Spearman correlation test was completed. The data is presented in Table 7 in the form of cross-tabulation. Table 7 denoted that the workers who work under normal noise intensity (12 people or 37.6%) tend to have a normal condition or do not undergo any kind of fatigue. However, mild, moderate, and severe fatigues are noticeably suffered by the workers who work under the environment which noise exceeds the TLV, for instance: 12 people or 37.6%, 2 people or 6.3%, and 1 person or 3.1%, respectively. Additionally, the results of the spearman correlation test displayed the number of 0.688, which indicated that there is a strong relationship between noise and work fatigue experienced by the workers.
DISCUSSION
Temperature
The temperature measurement was carried out at four points in two different locations, that is the office and the workshop, which in the workshop area, there are three more divisions; marking and cutting, mould loft, and firring. The standard referred by this research is the Ministry of Health Decree (2002) on the Standard Temperature of an Industrial Workplace, which is 18°C-30°C. In result, it was obtained that out of four measurement points, the temperature in the office is the only temperature that is in accordance with the standardized temperature, that is 26.7°C. Moreover, this result was due to the provision of fans and ventilation to manage temperature stability. In addition, the three other measurement points that are located in the workshop area have exceeded temperatures. Apparently, this because the workshop area is a semi-outdoor area and is located near the sea in which the task is to complete hot works that can increase the temperature level, especially the one inside the room.
According to Suma'mur (2014), in a high and humid temperature, the higher the velocity of the airflow, the more pressure the workers encounter. Additionally, high temperature can reduce agility, extend reaction and decisionmaking time, interfere the accuracy of the brain, and disrupt the sensory and motor nerve coordination (Suma'mur, 2009). As the consequences, work fatigue, the decrease in productivity, and the occurrence of occupational accidents due to negligence may happen in a workplace with an overheat temperature.
Noise
The noise measurement was completed at four points in two different locations, that is the office and the workshop, which in the workshop area, there are three more divisions; marking and cutting, mould loft, and firring. The Ministry of Manpower and Transmigration (2011) From the measurement, it can be noticed that out of 4 locations, 2 of those are under the noise that exceeds the TLV, while the other 2 are not. The locations which noise exceeds the TLV are the area of marking and cutting, with the noise of 87.4 dB that is mainly caused by the genset behind the working area, and the area of firring with the noise of 90.4 dB, which noise comes from the hand grinding machine. In other words, the noises in those areas are not in accordance with the standardized TVL, inasmuch as the noises exceed 85 dB. Other than that, the noise exposure received by the workers is worsened by the absence of the personal protective equipment, for instance, earplug or ear muff, which function is to reduce the intensity of noise. Furthermore, it was explained that noise may result in sleep or communication disorder. As the consequences, if the workers keep being exposed to such noise, body physiological disorders that affect the health of the workers may arise (Suma'mur, 2014) .
Work Fatigue
Fatigue is a common complaint indicated by the decrease in work performance, motivation, as well as physical and mental activities (Lusiana, Zahroh and Baju, 2014) . The work fatigue measurement was performed to 32 workers, which consisted of 5 workers from the office area and 27 workers from the workshop area. In results, it can be denoted that in the workshop area, 14 people (43.7%) are discovered healthy, 15 people (46.9%) suffer from mild fatigue, 2 people (6.3%) undergo moderate fatigue, and 1 person (3.1%) experiences severe fatigue. In other words, the workers in the workshop area, particularly at marking and cutting section, are noticed suffering from fatigue due to the fact that both the temperature and the noise in this area reportedly exceed the TLV.
Referring to Tarwaka, Bakri and Sudiajeng (2004) , work fatigue can be triggered by various factors, and one of them is the physical environmental conditions in the workplace. Thus, in order to maintain the health and welfare of the workers, the stability and the safety of the physical environmental conditions must be highly controlled.
When this research was being carried out, there were 8 ships with different levels of damage being repaired and must be perfected in the adjacent time. Consequently, the workers at ship repair workshop area suffered from fatigue since they had to work fast so that the ships could be all repaired on time. Not only that, but the fatigue was also caused by the hot and noisy working environment, which indeed, those kinds of the environment become an additional workload for the workers.
It has been confirmed that work fatigue can result in a decrease of work motivation, work passion, thinking ability, alertness, and the speed of work reaction (Suma'mur, 2009). Regrettably, most workers do not really pay attention to fatigue symptoms since they lack knowledge regarding work fatigue. In result, they do not know how to prevent themselves from experiencing fatigue and when they suffer from it, they are clueless about how to recover. According to Tarwaka (2015) , work fatigue can be prevented by redesigning working environment, consuming enough and balance calories, and taking at least a 1-hour break during the working period.
The Relationship between Temperature and Work Fatigue
The temperature measurement in all of the locations indicated that the workshop area is the area with the highest temperature. Previously, it has been asserted that temperature is correlated with the emergence of work fatigue. In fact, based on the research, the workers who work under the temperature of 18°C-30°C, that is as many as 18 people (56.2%), suffered from fatigue. Evidently, the hot environment at ship repair workshop area is due to its location which is near the sea and perceived as a semi-outdoor area. Other than that, hot works performed by the workers contribute to the increase in the temperature.
According to The Industrial Hygiene Occupational Safety and Health Association (2011), an overheat temperature can cause an increase in heart rate, body temperature, and sweat production. In addition, the increase in blood pressure results in the more intense work of the heart. Consequently, when the heart can no longer pump the blood all over the body, some of the blood will accumulate in the legs and lungs tissues. Accordingly, the blood accumulated in the lung tissues will cause breathing problems providing the amount of the oxygen needed is not sufficient. As a result, the limited oxygen will be one of the triggers of fatigue caused by the accretion of lactic acid (Pramono, 2008) .
Furthermore, working under an overheat temperature can be an additional workload for the workers. Referring to the research conducted by Umyati and Andara (2017) , it was obtained that the pulpit VIII and IX operators at PT. Krakatau Wajatama who work under the temperature of more than 26°C, or 77.8%, suffer from work fatigue. Another research, such as the one authored by Kumalasari, Ana Achmala Nur., Rachman F. (2017) , proved that there is a significant relationship between temperature and fatigue. In her research, she discovered that the workers at the packaging section at a cooking oil and margarine company suffer from fatigue due to the fact that they have been working under the temperature of 35°C.
In broad, it was proposed that the higher the temperature in the workplace, the more sweat produced by the workers, which in consequences, the workers will get dehydrated more easily. Moreover, when a worker undergoes dehydration, she/he will get tired and suffer from fatigue more easily (Suma'mur, 2009) .
However, there are several endeavors that can be carried out to prevent the occurrence of work fatigue. One of those is by installing ventilation in the workplace. By referring to Indonesian National Standard (2001), installing ventilation can reduce excessive heat since ventilations flow fresh air from the outside to replace the hot air in the workplace. In addition, there are two kinds of ventilation that can be considered to install: natural and mechanic ventilation. Other than that, according to The National Institute for Occupational Safety and Health (2011) , workers are recommended to drink the water of minimum 1 glass per day (150-200 cc) once every 15-20 minutes to replace the body fluids that are excreted through sweat to prevent dehydration.
The Relationship between Noise and Work Fatigue
Noise can be described as an unwanted disturbing voice that can trigger the occurrence of fatigue (Tarwaka, 2010) . The measurement results displayed that noise has a strong relationship with fatigue. The noise sources in the office area are in the forms of fans and working activities which noise intensity is still below the TLV. However, in the workshop area which noise exceeds the TLV, the sources are from the equipment used to complete the work, for instance, a genset, aside from the activities of the workers itself.
At the marking and cutting section in the workshop area, it was reported that the noise intensity exceeds the TLV due to the fact that this section is located precisely next to a genset. At the second section in the workshop area, mould loft section, it was noticed that the noise intensity is still under the TLV, providing the section is located near the office area. The third section in the workshop area is firring section. In this section, undoubtedly, the noise intensity is reported as the highest intensity among the other locations. Apparently, this because the activity performed in this section is steel cutting that utilizes hand grinding machines.
As proposed by Tarwaka (2010) , the stress caused by noise exposure in a workplace may initiate the rate of early fatigue, anxiety, and depression. Moreover, noise can also cause body physiological disorders on autonomic nerves, indicated by the increase in muscles tension that results in the emergence of fatigue more quickly (Setiarto, 2002) .
The results of this research are in line with the results of the research piloted by Lestari (2016) , which concluded that noise indeed has a relationship with the fatigue experienced by the workers at the boiler unit 1 at PJB Tanjung Awar-Awar. Nevertheless, even though noise can be one of the most influential factors in the increase of work fatigue, it is not the main factor that causes work fatigue. In fact, work fatigue might arise due to cumulative activities or work conditions that make the workers experience fatigue, before and during this research was conducted. As for another point of view, the research completed by Makalalag, Kalesaran and Kawatu (2017) noticed that out of 24 people who are exposed to the noise intensity of >85 dB, 21 suffer from moderate fatigue. To add more, based on the research done by Romdhoni and Brahmadi (2015) , it was obtained that noise does have a relationship with fatigue suffered by the workers at PT. Coronet Crown Purwokerto Banyumas. At that site, it was confirmed that noise triggers a cognitive disorder in a form of anxiety. In the meantime, anxiety can interfere with the metabolism process of the body that results in the buildup of lactic acid in the muscle and lactic acid accumulation is one cause of fatigue (Rosanti, 2011) .
Fatigue may result in a decrease in muscle strength due to the accumulation of metabolic waste substances and lactic acid. Nonetheless, one of several endeavors that can be performed in order to prevent noise to interfere the body metabolism is to maintain the noise exposure so that it does not exceed the TLV. Another endeavor is by controlling the time limit and noise exposure through providing personal protective equipment, for example, ear muff or earplug. The wearing of personal protective equipment can be adjusted depending on the needs of each worker and the attained exposure.
CONCLUSION
More than half of the workers at ship repair workshop (53.1%) belong to the age group of >50 years old with 21-30 years of service (40.6%) and overweight nutritional status (65.6%). The temperature measurement in the office area is in accordance with the standard determined by the Ministry of Health Decree (2002) on the Standard Temperature of an Industrial Workplace, which is 18°C-30°C, while the temperatures at three sections in the workshop area are noticed exceeding the standardized temperature. Furthermore, the noise in the office area does not exceed the TLV, whereas, in the workshop area, there are two sections which noise exceed the standard determined in the Ministry of Manpower and Transmigration (2011) on Threshold Limit Value (TLV) of Physical Factors and Chemical Factors in a Workplace.
From the results of the measurement, it can be perceived that the level of fatigue that is mostly undergone by the workers is mild fatigue, with the sufferers as many as 15 people (46.9%). Therefore, it can be concluded that there is a moderate relationship between temperature and fatigue in this research. On the other hand, there is a strong relationship between noise and fatigue experienced by the workers at ship repair workshop at PT. X Surabaya.
